INTRODUCTION
Relativistic pair plasmas and jets are believed to exist in many astrophysical objects [Wardle 1998 , Weidenspointner 2008 and are invoked to explain energetic phenomena related to Gamma Ray Bursts, Black Holes and the heating of intergalactic medium (IGM) [Mirabel & Rodriguez 1999 , Meszaros 2002 . Although short lived, a laboratory source of relativistic pair plasma jets can be used as a surrogate to study the dynamics of pair jet-plasma interactions, such as the evolution of instabilities induced by relativistic pair slowing down in a neutral electron-ion plasma. This is directly applicable to quantifying the heating of the IGM by blazar-produced relativistic pairs and can test the theory that these "pair (jets) are expected to trigger collective plasma instabilities (as opposed to binary Coulomb collisions, that are negligible)" [Sironi & Giannios 2014] .
Electron-positron plasmas are generated using ultra-intense lasers as follows: when an intense laser is incident on a solid target, the laser electric and magnetic fields (via the JxB force) interact with free electrons in a coronal plasma, which was generated by the laser prepulse. For relativistic laser intensities (> 10 18 Wcm -2 ), the majority of the absorbed laser energy goes into creating >MeV electrons, on the order of the ponderomotive potential. These MeV electrons are the power source of pair generation. Two positron production processes dominate depending on target conditions: the Bethe-Heitler (BH) process [Heitler] (shown in Fig. 1 ) for thick high-Ztargets, while the Trident process that plays a more important role forthin targets (<100 um). In the BH process, the laser-accelerated hot electrons make high-energy bremsstrahlung photons that produceelectron-positron pairs upon interacting with the nuclei, whereas inthe Trident process the hot electrons produce pairs by directlyinteracting with the nuclei.
LFEX lasers have the unique capabilities, namely the high intensity with long focal length, to significantly increase positron emission by enhancing the conversion efficiency to relativistic electrons. Leveraging such capabilities, we performed experiments using the LFEX between Jan 22-26, 2018. Enhanced laser coupling to MeV electrons were observed using 1D cone targets and tailoring the preplasma conditions. This data advanced our understanding of electron acceleration and further the quest of producing astrophysical relevant pair plasma at relativistic regime.
BACKGROUND & STRATEGY OF LFEX EXPERIMENTS
Results from the team at various facility has established some basic characteristics of laser produced pairs. For example, at the OMEGA EP laser in 2009, a 1kJ, 10 ps laser pulse incident on a 1-mm-thick Au target produced 10^12 positrons with a maximum energy of >20 MeV [Chen 2010 ]. The emitted electrons and positrons satisfy the condition of a non-neutral plasma with densities of ~10^15 cm-3 and ~10^13 cm-3, respectively. On the first LFEX experiments in 2012, laser to electron energy transfer, inferred using x-ray and neutron measurements, was found to be consistent with the measured positrons [Chen 2013 ]. Compiling nearly a decade of data from four laser facilities, an empirical scaling was derived showing positron yield increases as the square of the laser energy ]. This study also revealed that with an additional order of magnitude increase in pair density, this platform is capable of supporting experiments to study the saturation of the Weibel instability whereas the formation of shocks requires two order of magnitude increase. The goal of this LFEX experiments are to increase the laser-target coupling and increase the positron yield using the unique capabilities at LFEX of large energy, long focal length and the pulse-train setup. 
EXPERIMENTAL SETUP AND PRELIMINARY RESULTS
The experimental setup was similar to that shown in Fig. 1 . The detailed target geometry is shown in Fig. 2 . In summary, 14 completed shots were performed over 5 days, with one day of diagnostic commissioning shots, and two days laser commissioning shots. In the end, total of 6 shots over two shot days yielded valuable data where we obtained a systematic scaling of target geometries and optimized laser conditions. The targets were made of solid gold, nominally 1-mm thick (Fig. 3) with either a beveled front face or a V-shaped front. The V-shape, mimicking a 1D cone was used to optimize the laser to MeV electron coupling and remaining bulk material was for the MeV electrons to go undergo pair production via the B-H process (Fig. 1) . The variable was the laser contrast, timing and target geometry.
Example electrons and positrons from the experiments are shown in Fig. 4 . We found that contrast reduction of 10-20x nominal value maximized the electron temperature and yield, generating the largest number of positrons in the campaign. Detailed data analysis is ongoing, and we expect the final results will be published in peer-reviewed journals.
CONCLUSIONS AND FUTURE WORK
A systematic series of shots were performed on the LFEX laser that used positron generation as a method to study energy conversion from laser to relativistic electrons. This method concluded that a wedged target demonstrated the ability to enhance the maximum focal intensity compared to a flat surface. It was also found that an optimized preplasma condition dramatically increases electron conversion and pair generation. The results of this experimental campaign will be used to inform future work at the NIF ARC laser to generate positron-electron pairs. 
